Practitioners generally assert that collaborations with the Open Source software (OSS) community enable software entrepreneurial ventures to achieve superior innovation performance.
Introduction
Conventional wisdom in the entrepreneurship field recognises that entrepreneurial ventures 1 tend to have limited financial and human capital to devote to R&D activities (Becker and Gordon 1966; Stevenson and Gumpert 1985) . Therefore, these firms usually complement their internal R&D efforts by networking intensively with external third parties (Stuart and Sorenson 2007) that have valuable knowledge and competences ("innovation inputs" hereafter).
Over the past decade, the astonishing developments in information and communication Existing evidence suggests that many entrepreneurial ventures in the software industry belong to the category of firms that Bonaccorsi, Giannangeli, and Rossi (2006) has labelled OSS firms, indicating that they offer OSS-based software solutions to their customers (Dahlander 2007; Dahlander and Magnusson 2008) . In this paper, we refer to these entrepreneurial ventures as OSS entrepreneurial ventures.
OSS entrepreneurial ventures access and in-source innovation inputs produced and distributed through the Internet by the OSS community and use them to establish their offering. In other words, these firms download the OSS code available on the Internet and develop new software solutions based on that code. These OSS solutions are tailored to specific customers' needs or are released to 1 We define entrepreneurial ventures as new and independent firms established to commercialise novel ideas developed by their founders. 2 A long tradition in entrepreneurship research has recognised the importance of collaborations with firms and universities for entrepreneurial ventures' innovation processes (for a recent review, see Hoskisson et al. 2011) . 3
OSS and proprietary solutions produced by small Italian firms collaborating with the OSS community. However, the author refers to the software solution and not to the firm as the unit of analysis. Indeed, limited research efforts have been applied to explore the effects of collaborations with the OSS community on firms' innovation performance. An exception is Stam (2009) , that has analyzed the effects of participation in OSS projects on firms' innovation performance. However, the author has not compared the innovation performance of collaborating and non-collaborating firms.
This paper contributes to filling these gaps by theoretically and empirically addressing the
following research question: Do entrepreneurial ventures that collaborate with the OSS community (i.e., OSS entrepreneurial ventures) exhibit superior innovation performance in comparison with their non-collaborating peers?
Answering such a research question contributes to the general debate on the impact of collaborations with external third parties on firms' innovation performance, thus contributing to the academic discourse on open innovation. In addition, by focusing explicitly on entrepreneurial ventures, our analysis fits in the lively stream of the entrepreneurship literature that examines how entrepreneurial ventures network with third parties for innovation purposes. Accordingly, we feel confident that our work will stimulate discourse among scholars in the fields of open innovation and entrepreneurship.
Moreover, our analysis has great practical relevance. The allegedly positive effect that collaborations with the OSS community exert on the innovation performance of entrepreneurial ventures has strong echoes in the business and technical press and in conversations among practitioners. Survey data document the positive view that entrepreneurs seem to have regarding the relationship between collaborations with the OSS community and firm innovation performance. The ELISS I survey of Italian software firms (for details, see Bonaccorsi and Rossi 2004) analyses the motivations driving firms' collaborations with the OSS community. The top-ranking motive selected by the 146 respondents was that collaborating with the OSS community allows even new 5 and small firms to be innovative . This result was confirmed by a second wave of the survey (ELISS II; for details, see Bonaccorsi, Rossi and Scateni 2005) of approximately 900 European software firms. In addition, case-study evidence has indicated that collaborations with the OSS community enhance the innovation performance of entrepreneurial ventures because resources that are freely available within the OSS community can be used as lowcost inputs for firms' innovation processes (Dahlander and Magnusson 2005; . Nonetheless, to the best of our knowledge, it has never been tested whether collaborations with the OSS community promote innovation by entrepreneurial ventures.
In the empirical part of this paper, the impact of collaborations with the OSS community on the innovation performance of entrepreneurial ventures is rigorously analysed through the estimation of econometric models. The empirical analysis takes advantage of a unique dataset that contains detailed information on collaborations with the OSS community and the innovation activity of 199
Italian entrepreneurial ventures observed during the period 2005-2008.
The paper is organised as follows. In section 2, we extensively illustrate why one might expect collaborations with the OSS community to exert a positive effect on the innovation performance of entrepreneurial ventures. In section 3, we illustrate the dataset, describe the sample used in the empirical analysis, specify the econometric models and describe the variables included in the models. Section 4 summarises the results of the econometric estimates. Section 5 synthesises the main findings, acknowledges the limitations of the study, and indicates directions for further research.
Conceptual background
Entrepreneurial ventures in the software industry ("software entrepreneurial ventures" hereafter)
are usually at a disadvantage in the innovation race. Like most entrepreneurial ventures operating in high-tech industries ("high-tech entrepreneurial ventures" hereafter), software entrepreneurial ventures generally lack financial resources (Carpenter and Petersen 2002a; b) , internal competences (Colombo and Piva 2008) , and complementary assets (Teece 1986 ).
Rooting on the high-tech entrepreneurship literature and the OSS research stream, we argue that collaborations with the OSS community render the above mentioned obstacles to innovation (as mentioned above) less severe. Accordingly, entrepreneurial ventures that collaborate with the OSS community (i.e., OSS entrepreneurial ventures) exhibit superior innovation performance in comparison with their non-collaborating peers.
Collaborations with the OSS community and software entrepreneurial ventures' financial constraints
High-tech entrepreneurial ventures usually have limited internal finances (Carpenter and Petersen 2002a) and poor access to debt financing (Carpenter and Petersen 2002b) . Moreover, empirical work has shown that there is a substantial wedge between the costs of internal and external equity financing (see, e.g., Asquith and Mullins 1986) . This situation inhibits access to equity capital for most new high-tech ventures, especially in countries with a less developed and/or bank-based financial system (Berger and Udell 1998 (Bonaccorsi and Rossi 2003; 2004 Hoskisson et al. 2011) . In this framework, collaborations with the OSS community may be an alternative valuable competence-enlargement strategy for software entrepreneurial ventures for several reasons.
First, the OSS community is a large pool of talented individuals from which OSS entrepreneurial ventures can scout brilliant programmers, thereby complementing their internal competences with fresh individual skills (Eilhard 2008; Henkel 2009 ). OSS entrepreneurial ventures can access programmers' human capital through different employment modes, for example, by hiring programmers or by contracting them as freelancers (Lepak and Snell 1999) . In both cases, the OSS framework attenuates the problems that high-tech entrepreneurial ventures usually experience in accessing human resources (Connelly et al. 2011 ).
However, it might be claimed that singling out the OSS programmers whose skills match the firm's requirements and linking these individuals to an OSS entrepreneurial venture is not so simple. Indeed, because anyone can enter the OSS community, OSS programmers have highly 9 variable skills and capabilities (Colombo, Piva and Rossi-Lamastra 2011 To summarise, OSS entrepreneurial ventures enjoy an advantage in the innovation race over their non-collaborating peers in that they can access an alternative and, in many respects valuable, pool of external competences.
Collaborations with the OSS community and software entrepreneurial ventures' lack of complementary assets
High-tech entrepreneurial ventures frequently lack the complementary assets that they need to profit from innovation (Teece 1986) . In principle, these firms could develop such complementary assets internally or gain access to them by establishing alliances with third parties. However, both Indeed, achieving such compliance requires an awareness of the varied legal provisions associated with the diverse OSS licenses (Lerner and Tirole 2005) . Gaining such knowledge may be particularly time consuming (Dahlander and Magnusson 2008) , whereas failing to comply with the provisions of Open Source licenses can engender negative consequences on OSS entrepreneurial ventures. For example, if a complementary application is released under a copy-left license (e.g., the General Public License) and its integration with a software solution developed by an OSS entrepreneurial venture requires the modification of the source code of the two programmes, the OSS entrepreneurial venture has to release under a copy-left license the entire resulting software code (including the programme that it has produced internally). Indeed, copy-left licenses contain an inheritance provision that forbids the release under a proprietary license work that contains even one line of code taken from a copy-left programme (Rosen, 2001) . The enforceability of OSS licenses has rarely being tested in the courts (Lerner and Tirole, 2002) . 6 However, to establish effective collaboration with the OSS community, OSS entrepreneurial ventures must be trusted by community participants. If OSS developers envision that an OSS entrepreneurial venture may hijack OSS code and make it proprietary because it is not aware of the OSS license provision or, even worse, because it wants to make a profit on it, OSS programmers will be reluctant to provide feedback and contributions to the firm.
Finally, the OSS community is a low-cost channel for distributing and marketing software programmes (West and O'Mahony 2008) . OSS entrepreneurial ventures can take advantage of the OSS distribution infrastructure based on online software repositories and dedicated Web sites, which enable OSS firms to reach a larger customer base at lower cost. To summarise, OSS entrepreneurial ventures enjoy an advantage in the innovation race over their non-collaborating peers because they can access the complementary assets made available to the OSS community.
Methods

The sample
The sample used in this paper was extracted from an original interview (response rate: 58%) based on the questionnaire described above. Before conducting the telephone interviews, the questions that might be more subject to selective memory problems were sent by e-mail or fax to the respondents, who were asked to search for this information in advance.
Therefore, even though there might be a recall bias in the data used in this paper, its extent is likely to be relatively limited. The fact that the data we use in our study are not subjective and can be verified by respondents also makes it unlikely that our results are driven by a common-method bias. At the survey date, the sample firms offered products and services in different product and service categories. We considered the following four product categories: i) management applications, ii) office automation products, iii) web products (including content management systems, web sites, portals, hosting, and e-commerce solutions), and iv) other types of products.
Regarding services, we considered six categories: i) installation, ii) maintenance and assistance, iii) training, iv) integration, v) software customisation, and vi) other types of services. The vast majority of the sample firms did not offer products in more than one category but offered services 14 in at least two categories. Most sample firms offered web products (81 firms; 40.7% of the sample), whereas few firms offered office automation products (51 firms; 25.6%). Regarding services, 73.9% of the sample firms offered maintenance and assistance services, whereas the least common service, with the exclusion of the residual category described as other types of services, was integration (60 firms; 30.2%). Interestingly, both the product portfolio and the service portfolio of the entrepreneurial ventures collaborating with the OSS community seem on average to be more diversified than those of their non-collaborating peers. Indeed, the percentage of OSS entrepreneurial ventures in each product (service) category is greater than the corresponding percentage for the entrepreneurial ventures not collaborating with the OSS community. In this study, χ 2 tests indicate that in all of the categories, the differences between the percentages of OSS entrepreneurial ventures and the corresponding percentages of non-collaborating firms are significant, the only exceptions being the product category management applications and the two service categories of software customisation and other types of services. [ Table 2 and Figure 1 ] the latter group, the share was greater for only 23% of the firms. Moreover, the share was equal to 0% for 28.3% of the OSS entrepreneurial ventures, whereas it equalled 0% for most noncollaborating firms (52.4%). The distribution of the two groups of firms is clearly significantly different (χ 2 (2)=14.32).
Innovation performance of the sample firms
The histogram in Figure 1 shows the distribution of the number of new or significantly improved software solutions introduced between 2005 and 2008 for both OSS entrepreneurial ventures and their non-collaborating counterparts. For both groups of firms, the distribution is highly skewed, and the median number of new software solutions equals 0. However, the mean number is higher for the OSS entrepreneurial ventures (6.6 versus 2.2), and a Wilcoxon rank-sum test indicates that this difference is significant at a 1% level.
To determine whether these differences remain true once one controls for other factors that might influence the innovation performance of software entrepreneurial ventures, we performed the econometric analysis described in the following section.
Specification of the econometric models and description of the independent variables
We analysed the innovation impact of collaborations with the OSS community through the estimation of the following model:
where Y i is one of the three measures of innovation performance presented in the previous section To control for the sample firms' probability to introduce innovations other than new ( professional associations and online communities, and vi) social networks. Therefore, NInfSources is a cardinal variable ranging from 0 to 6. To control for the effect of agglomeration economies, we included a geographical dummy variable equalling 1 for the entrepreneurial ventures located in the Province of Bologna, Italy. Indeed, of the nine provinces of the Emilia-Romagna region, Bologna is the area in which most software entrepreneurial ventures are located (more than 28% of the entire population). Finally, we controlled for firm age and for market-specific effects by including a series of age dummies 11 and industry segment dummies. 12 We considered four product market segments and six service types. The product market segments are the following: (i) management applications; (ii) software for office automation; (iii) content management systems, Web sites, portals, hosting, e-commerce solutions; and (iv) other products. The six service types are the following: (i) 19 Table 3 illustrates descriptive statistics for the independent variables and reports their correlation matrix. In general, the correlation across the independent variables is low, suggesting the absence of any relevant problems of multicollinearity.
[ Table 3 ] To assess the magnitude of the effects of collaborations with the OSS community on the innovation performance of software entrepreneurial ventures, based on the estimates of Models b, we first computed the three innovation measures for a "benchmark" entrepreneurial venture (i.e., with all the dummy and cardinal control variables set at their median value and all the continuous control variables set at their mean value) with DOSSCollaboration=0. Then, we calculated the estimated values of the three innovation measures for the same benchmark firm with DOSSCollaboration=1. Regarding the benchmark entrepreneurial venture non-collaborating with 13 We also run likelihood-ratio tests for the exclusion of additional variables from the restricted logit model and Lagrange multiplier tests of the generalised logit model. Both types of test are strongly rejected at a 1% significance level. This means that Model 1b is more informative and that linearity in the parameters can be confidently assumed. The results of the tests are available from the authors upon request. 21
Results
The impact of collaborations with the OSS community on firm innovation performance
the OSS community, the OSS entrepreneurial venture was found to have a 23% higher probability to innovate, to introduce 2 additional new software solutions, and to have a 13% greater probability of being in a higher category of ShareInnSales.
It is worth noting that the estimates discussed above are unbiased and consistent, provided that the assumption of exogeneity of DOSSCollaboration is satisfied. However, some unobserved 
Addressing the endogeneity problem
Controlling for the potential endogeneity of DOSSCollaboration may be tricky because all of the models presented and discussed in the previous section are non-linear models, and
DOSSCollaboration is a dummy variable. Indeed, for continuous outcome variables, two-stage regression strategies have been developed to tackle the problem, even when the endogenous variable is a dummy (Heckman 1978) . However, in the presence of non-continuous outcomes with endogenous dummy variables, an approach via maximum likelihood is needed to obtain a consistent and efficient estimator.
22
For this purpose, we relied on a series of endogenous switching regression models (Miranda and Rabe-Hesketh 2006) . In particular, we resorted to the following specification 14 :
where Y i is one of the three measures of firm innovation performance (i.e., DInnovation, NInnovation, or ShareInnSales). Equation (2) contains the same explanatory variable and controls included in Equation (1) (see section 3.3). Equation (3) Moreover, to check for the presence of endogeneity, we tested the null hypothesis that the correlation between the error terms of the two equations (ε 1i and ε 2i ) does not significantly differ from zero. When the dependent variables are DInnovation and ShareInnSales, the likelihood-ratio test of the correlation of the residuals of Equations (2) and (3) is not rejected at conventional confidence levels (χ 2 (1)=0.21 and χ 2 (1)=1.72, respectively). Conversely, when we measure innovation performance through the count variable NInnovation, the likelihood-ratio test is rejected at a 1% significance level. Therefore, in this case, DOSSCollaboration is likely to be endogenous.
14 Technical details on the econometric models as well as a hands-on tutorial on how to estimate them on Stata are provided in Miranda and Rabe-Hesketh (2006) . 15 We asked the respondents to rate on a 4-point Likert scale their level of agreement with the following statements: i) one of the key motives for collaborating with the OSS community is sharing the OSS values and ii) one of the key motives for collaborating with the OSS community is the possibility of exploiting the benefits of an open standard. The scale ranged from 1 (strongly agree) to 4 (strongly disagree). Next, we assigned a value of 1 to DOpenValues i and DOpenStandard i if the respondents rated their level of agreement with statements i) and ii), respectively, as 1 or 2. 23
Nevertheless, the sign and significance of the coefficient of DOSSCollaboration are still in line with the results presented in Table 4 .
Discussion and conclusions
In this paper, we analyse the effects of collaborations with the OSS community on the probably more able to appropriate the innovation benefits stemming from collaborations with the OSS community. Specifically, experience in collaborating with the OSS community is likely to play a major role. Leveraging the OSS community for innovation purposes is far from simple for an OSS firm. Indeed, the OSS community is a varied common pool of resources and competences, the quality of which is highly variable (Colombo, Piva and Rossi-Lamastra 2011) . In order to in-source valuable innovation inputs from such a common pool, an OSS entrepreneurial venture must learn to navigate it (Piva, Rentocchini and Rossi-Lamastra 2011) . The firm must develop familiarity with which OSS projects develop high-quality code to be used as a basis for developing new software Other types of services 13 6.5 4 6.7 9 6.5 Legend: * p<0.10, ** p<0.05, *** p<0.01. Robust standard errors and degrees of freedom are in parentheses.
